ABSTRACT: Emergence and seedling growth may be severely affected by salinity, mainly for sensitive crops. The objective of the present study was to verify the tolerance of corn and soybean to the irrigation water salinity (EC i ) during the emergence and initial development stages. Seeds of corn, hybrid 'AG-6690', and soybean, cv. 'Conquista', were sown in pots containing material from a sandyloam soil and irrigated with water of increasing salinity levels, from 0.3 to 5.9 dS m -1 , giving nine levels of EC i obtained by the addition of an equivalent proportion of sodium and calcium chloride, except for EC i = 0.3 dS m -1 (tap water). Emergence of corn was not affected by salinity but seedling development was reduced for EC i above 1.5 dS m -1 . Emergence and growth of soybean were reduced by water salinity and the crop was more tolerant during the emergence (EC i = 2.7 dS m -1 ) than in the initial development (EC i = 1.0 dS m , totalizando nove níveis de CE i obtidos pela adição de cloreto de sódio e de cálcio em proporções equivalentes, exceto para CE i = 0,3 dS m -1 (água de torneira). A emergência do milho não foi afetada pela salinidade da água, mas o desenvolvimento das plantas foi reduzido para CE i acima de 1,5 dS m -1 . A emergência e o crescimento da soja foram reduzidos pela salinidade, sendo mais tolerante na fase de emergência (CE i = 2,7 dS m -1 ) do que no desenvolvimento inicial das plantas (CE i = 1.0 dS m -1 ). A salinidade da solução do solo (CE s ) foi linearmente correlacionada à CE i e afetou o crescimento do milho e da soja para CE s acima de 3 e 2 dS m -1 , respectivamente. Palavras-chave: Zea mays, Glycine max, tolerância, solução do solo
INTRODUCTION
Soybean (Glycine max L.) and corn (Zea mays L.) occupy, respectively, the second and third positions among the most cultivated crops in Brazil, with productions of 49 and 42 million tons in the year 2004; the sum of the areas harvested of these crops is close to 35 million hectars in the country (IBGE, 2005) . The utilization of irrigation for corn and soybean production, mainly in the winter season, has increased substantially along years in Brazil (SEAGRO, 2005; Gomes, 2005; Moreira et al., 2000) , but few studies have been carried out on the tolerance of these crops to salinity. Azevedo Neto & Tabosa (2000) verified a significant reduction of dry matter of shoot for salinity levels above 9.6 dS m -1 in nutrient solution for a sensitive cultivar and over 12 dS m -1 for a tolerant cultivar of corn, indicating that there are differences of salinity tolerance among cultivars.
One of the primary effects of salt stress is that it delays germination and emergence; most crops are tolerant during germination but the young developing seedlings are susceptible to injury during emergence from the soil and during early development (Maas & Grattan, 1999) . Data reported by Essa (2002) showed that reduction of 8% in germination percentage and of 4% in plant height and in dry weight, at 45 days after planting of soybean cv. 'Lee', occurred for unitary increase of soil salinity (EC e ) above 0.5 dS m -1 . The reduction of soybean growth under saline conditions can be attributed to N deficiency, once the number of nodules and their size are severely affected by the increasing salinity of the growing media (Singleton & Bohlool, 1984) , and to the reduction of the hydraulic conductivity of the root system (osmotic effect), with reduction of water delivery to the shoot (Joly, 1989) .
The method usually employed to represent the tolerance of crops to salinity is the piecewise linear response model (Maas & Hoffman, 1977 
where Yr is the relative yield, c is the mean salinity expressed as electrical conductivity of the solution in the root zone during the cultivation period (dS m -1 ), c t is the threshold salinity (dS m -1 ), c 0 is the salinity beyond which the yield is zero (dS m -1 ) and s is the absolute value of the slope of the response function between c t and c 0 .
Several experiments have been conducted along the years to quantify this type of response of the crops to salinity (Steppuhn et al., 2005; Khan et al., 2003; El-Haddad & Noaman, 2001) . Van Genuchten (1983) developed a software capable to make the adjustment of this model to data obtained in groups of experiments, which is particularly interesting for experiments repeated along years or seasons.
The objective of the present study was to determine the tolerance of corn and soybean to salinity of the irrigation water and of the soil solution during the emergence and seedling initial growth.
MATERIAL AND METHODS
The experiment was carried out in Piracicaba (22 o 42'S and 47 o 37'W), SP, Brazil, in a greenhouse covered with polyethylene film with anti-aphid screens in the laterals. Seeds of corn and soybean were sown in pots, 0.35 m diameter at the top, containing 60 kg of a soil material collected from the 0-0.30 m layer of a sandy-loam Typic Hapludox. Perforations were made at the bottom of the pots and a gravel layer of 0.03 m, covered with a polypropylene sheet, was displaced at the bottom to allow the drainage of the excess water. The pots were spaced 0.50 × 1.00 m.
The corn hybrid 'AG-6690' and of the soybean, cv. 'Conquista', were sown at a distance of 0.15 m and 0.075 m, in a single line, using four and three seeds in each sowing position, respectively. In this way, 12 seeds of corn and 15 of soybean were sown in each vase at a depth of 2 cm (Figure 1) .
The treatments were composed of nine levels of electrical conductivity of the irrigation water (EC i = 0.3, 1.0, 1.7, 2.4, 3.1, 3.8, 4.5, 5.2 and 5.9 dS m -1 ), which were obtained by the addition of NaCl and CaCl 2 in the equivalent proportion of 1:1 (concentration of NaCl+CaCl 2 of 0. 00, 0.39, 0.82, 1.29, 1.80, 2.35, 2.94, 3.27 and 4.24 g L -1 , respectively). Each vase was irrigated with the respective saline solution before planting in order to obtain levels of soil salinity. The experimental design consisted of completely randomized blocks, with a single factor (EC i ) and with three replicates, totaling 27 pots for each crop.
Two tensiometers at 0.15 and 0.30 m depth and one soil solution extractor at 0.15 m depth were installed in each vase for irrigation control and monitoring of the electrical conductivity of the soil solution (EC s ). Irrigations were accomplished by treatment whenever the mean matric potential of both tensiometers approached -30 kPa, the water in each treatment being applied manually, without leaf wetting. The volume of water applied was calculated based on the water retention curve of the soil, allowing for a leaching fraction of at least 0.20 to avoid excessive build up of EC s .
Soil solution was collected at the beginning of the experimental period and after each irrigation, when the electrical conductivity of the solution (EC s ) was measured. Vacuum of about -70 kPa was applied to solution extractors after irrigation, when the soil matric potential was close to field capacity (about -6 kPa) and soil solution was taken from the extractor 24 h after vacuum application. The concentrations of NO 3 -, K + and Na + in soil solution were also determined in the first sampling taken six days after sowing, using cardyion meters. The study was conducted during two growing seasons in order to obtain more precise results, once salinity tolerance may be affected by meteoro- During the first growing season, water was not applied immediately after sowing, because the soil was sufficiently wet due to the application of saline water for the salinization of the soil before planting. During the second season, 5 L of water were applied to each vase after sowing. Only one irrigation (5 L per vase) was added in the first growing period, at 10 DAS, and in the second growing period, besides the irrigation applied after sowing, 5 L of water were also applied at 25 DAS to each vase, giving a leaching fraction of about 0.35, in an attempt to maintain an uniform EC s in the soil profile.
The number of emerged plants was determined everyday after sowing, which was accomplished up to the 14 th and 20 th DAS, respectively, for the first and second growing seasons, because the low temperatures during the second season delayed germination ( Figure  2 ).
The emergence percentage (PE) was calculated from the total number of plants emerged in each vase and the speed of emergence (SE) was calculated as suggested by Maguire (1962) :
where E 1 , E 2 and E n are the number of emerged plants, and N 1 , N 2 and N n are the number of days after sowing computed in the first, second and last countings, respectively. For the calculation of SE, the emergence period for each season corresponded to the day of maximum emergence for all pots, that is, the 13 DAS for the first season and 17 DAS for the second. The seedlings of corn and soybean were collected from each vase at 10 and 20 DAS, respectively, for the first and second growing seasons, and only three seedlings of corn and five of soybean, that is, only one seedling in each sowing position were kept in the pots. At the end of each cultivation period, the central seedlings of each vase (one seedling of corn and three seedlings of soybean) were collected. The seedlings were cut at the soil surface level and ovendried at 60°C, and the mean dry weight per plant was evaluated. The dry weight of soybean was computed separately for stem and leaves in the last sampling for the two growing periods. The absolute (AGR) and relative (RGR) growth rates were determined as recommended by Benincasa (1988) :
where D 1 and D 2 are the mean dry weights (g) in the first and second collections, respectively, and T 1 and T 2 refer to time interval (days after sowing) of the collections for each growing period. The leaf weight ratio (LWR) was determined dividing the leaf dry weight by the total dry weight. Plant height was measured before cutting by measuring the distance between the soil surface and the growing point for soybean and, for corn, the leaves were extended upwards and the maximum distance between soil surface and leaf tip was measured. The parameters s and c t (equation 1) were estimated using the software SALT (Van Genuchten, 1983) , which makes the adjustment of the regression model by the piecewise linear regression method. The adjustments of the PE and SE were performed only in relation to EC i , once EC s in the shallower layer of the soil may be assumed to be equal to the salinity of the water that infiltrates in the soil (Rhoades et al., 2000) ; thus, as seedlings were sown at 2 cm depth, the EC i and EC s are the same for the emergence stage. The dry weight of the seedlings was confronted with EC i and with the mean values of EC s determined for each growing season.
RESULTS AND DISCUSSION
The percentage of emergence (PE) and the speed of emergence (SE) of corn were not affected by the electrical conductivity of the irrigation water (EC i ), while for soybean, EC i responded to both variables (Table 1) . Effects of EC i on PE and SE for soybean were practically the same and they were reduced for the second growing season for all levels of EC i due to the higher salinity of the soil solution as a result of salt accumulation in the soil profile with the successive irrigations (Figure 2 ). Mean EC i threshold (c t ) for relative values of PE and SE for soybean was about 2.7 dS m -1 , with a reduction of 20% for each unitary increase of EC i above c t ; the emergence was completely inhibited when EC i was close to 8.0 dS m -1 , determined by extrapolation (c o = 7.9 dS m -1 ). The results for corn are in agreement with Maas (1984) , who stated that corn may tolerate high salinity (up to 24 dS m -1 ) in soil saturation extract (EC e ) at germination. In the present study, although the data refers to EC i , EC e was below the cited threshold value, once the highest electrical conductivity of the soil solution (EC s ) was 7.12 dS m -1 and it probably was higher than EC e because only highly soluble salts were used.
The ability of a seed to germinate and emerge under salt stress indicates that it has a genetic potential for salt tolerance, at least at this stage in the life cycle, but this does not necessarily indicate that a seedling germinated under salt stress could continue under salt stress and that the plant could complete its life cycle (Essa, 2002) .
Salinity affected the plant height (PH), total dry weight (TDW) and absolute growth rate (AGR) of corn in both growing periods (Table 2) . Relative values of TDW and AGR were more sensible to EC i than PH; the threshold EC i for TDW and AGR was 1.5 dS m -1 , with reduction of 22% for unitary increase of EC i above 1.5 dS m -1 , while c t and s for PH were 1.9 dS m -1 and 13%, respectively (Table 3 ).
The absence of response of RGR shows that the growth obtained relative to the amount of tissue present was the same for all levels of EC i , that is, the growth potential of corn 'AG6690'seedling under low and high salinity was the same. Otherwise, the growth speed was lower for high EC i , once AGR was reduced for EC i above 1.5 dS m -1 . Dry weight of leaf (DWL) and stem (DWS) of soybean were affected by EC i in the first growing period, as well as total dry weight (TDW), but PH, LWR and the physiological indexes were not sensitive to salinity (Table 4) . During the second growing period, only LWR was not affected by salinity.
A little increase in DWL, DWS and TDW occurred for the EC i of 1.0 dS m -1 in relation to tap wa- Besides the ability of some plants to accumulate salts in cells in order to reduce the osmotic potential under saline stress (Munns, 2002) , moderate and high levels of NaCl may lead to toxicity by Na + and Cl - (Tester & Davenport, 2003) and growth reduces according to the severity of the imposed stress (Silva et al., 2003; Agong et al., 2003 , Kaya et al., 2003 . The soybean variety 'Conquista' presented no ability in adjusting the photosynthetic capacity in high saline conditions; the LWR was not affected by salinity, thus the leaf area decreased with reduction of the DWL.
The mean reduction of DWL, DWS and TDW for soybean was of 22% for each unitary increase in EC i above 1.0 dS m -1 and the EC i of 5.5 dS m -1 resulted in no plant development (Table 3 ). The lower c t and higher s for AGR (0.6 dS m -1 and 0.22, respectively) than for RGR (2.4 dS m -1 and 0.16, respectively) reveals that the growing speed of the plants was more affected by salinity than the growth potential. Therefore, soybean growth is delayed by salinity and high EC i also affects the dry matter accumulation in relation to preexisting dry matter. The results of this study are in agreement with those of Moraes & Menezes (2003) and Wang & Shannon (1999) , who reported that shoot growth of soybean is more affected by salinity than the PE.
The EC s was linearly correlated to EC i for both crops, being higher for the second than for the first growing period (Figure 3 ). When data of each variable were adjusted as a function of EC s (Table 3) it was observed that the salinity threshold was about two times higher than c t for data adjusted to EC i , as a result of the concentration factor (the concentration of salts in soil after successive irrigations). of 9.9 dS m -1 . Considering that the EC e is generally lower than EC s (Blanco, 2004; Eymar et al., 2001; Rieu et al., 1998) , the results of total dry weight of corn in relation to EC s (Table 3 ) allow us to conclude that seedling development at EC e of 9.9 dS m -1 is not possible, agreeing with Maas & Hoffman (1977) , who reported that at EC e of 10 dS m -1 was corn growth ceases.
In the emergence stage the soybean 'Conquista' was less sensible to salinity of the irrigation water than in the seedling growth stage. Waters up to 2.8 dS m -1 may be used for germination without reduction of the stand, but after emergence EC i above 1.0 dS m -1 should be avoided, which lead to severe damage for plant growth. Although little reductions of emergence of corn 'AG6690' were observed for the mean data, it was not sensitive to salinity; on the other hand, irrigation with water of EC i above 1.5 dS m -1 is deleterious for seedling growth with severe reduction of plant development.
The optimal concentrations of NO 3 -and K + in the early half of the season for most crops are 220-330 and 20-60 mg L -1 , respectively (Burt et al., 1998; Tisdale et al., 1993) . At the beginning of each growing period, the concentrations of NO 3 -and K + in soil solution were in this range for most treatments (Table  5 ). The concentration of Na + in soil solution increased linearly with EC i and the concentration for each treatment was, on average, 73% higher in the second growing period in comparison to the first (Figure 4) . The increase in concentration of K + with EC i could be attributed to the replacement of K + from the exchange complex by Na + , which allowed higher K + in soil solution.
The results of this study show that the response of corn and soybean to salinity is quite different. While soybean is more tolerant to salinity than corn Table 5 -Concentration of NO 3   -, K + and Na + in soil solution at the beginning of each growing period of corn and soybean, for each electrical conductivity of the irrigation water (EC i ). § ns, *, **Non-significant and significant at 0.05 and 0.01 of probability by the test F, respectively; # CV -coefficient of variation Figure 4 -Concentration of Na + and K + in the soil solution for corn (C) and soybean (S) in the first (GP1) and second (GP2) growing periods, as a function of electrical conductivity of the irrigation water (EC i ). from the seedling stage to maturity (Ayers, & Westcot, 1985) , the tolerance of corn overcame soybean from planting to seedling development stages. Therefore, an irrigation management strategy should be taken to maximize yield in the corn-soybean crop rotation when using saline water. Saline water could be used to produce soybean, being applied after crop establishment, and during the germination of corn, but a reduction of soil salinity is required to obtain satisfactory production of corn. Thus, corn-soybean crop rotation is advantageous because it allows farmers to use poor quality water and/or reuse the drainage water for irrigation of these crops, but the irrigation management must to be accomplished to avoid high soil salinity during the germination stage for soybean and latter stages of corn development.
CONCLUSIONS
Electrical conductivity of the irrigation water up to 5.9 dS m -1 does not reduce the emergence percentage and the speed of emergence of corn 'AG6690', but reduces the emergence percentage and speed of emergence of soybean 'Conquista', with reduction of 20% for unitary increase irrigation water salinity above 2.7 dS m -1 ; Growth of corn and soybean seedlings reduces with irrigation water salinity above 1.5 and 1.0 dS m -1 and with electrical conductivity of soil solution above 3.0 and 2.0 dS m -1 , respectively; Corn is capable of maintaining the same growth rate in relation to the preexisting dry matter even under high saline conditions, while the relative growth rate of soybean is reduced for irrigation water salinity and soil solution salinity above 2.4 dS m -1 and 4.6 dS m -1 , respectively.
